UNCLASSIFIED 


_ AD  NUMBER _ 

AD913231 

LIMITATION  CHANGES 
TO: 

Approved  for  public  release;  distribution  is 
unlimited.  Document  partially  illegible. 


FROM: 

Distribution  authorized  to  U.S.  Gov't,  agencies 
only;  Test  and  Evaluation;  APR  1973.  Other 
requests  shall  be  referred  to  Air  Force 
Materials  Laboratory,  Attn:  AFML/MBC,  Wright- 
Patterson  AFB,  Ohio,  45433.  Document  partially 
illegible . 


_ AUTHORITY 

AFWL  per  Itr,  3  Nov  1983 


THIS  PAGE  IS  UNCLASSIFIED 


AFML-TR-73.101 


*4 

GRAPHITE  FIBER  AND  BORON  NITRIDE  FIBER 
FILLED  POniNG  COMPOUNDS 

(X 

■ 

(  R.J.DAVKSYS 


Distribution  limited  to  U.S.  Government  agencies  only;  Test  and  Evaluation,  April 
1973.  Other  requests  for  this  document  must  be  n.  'rred  to  Air  Torce  Materials 
Laboratory,  (AFML/MBC),  Wright-Patterson  AFB,  Onio,  45433. 


AIR  FORCE  MATERIALS  LABORATORY 
AIR  FORCE  SYSTEMS  COMMAND 
WRIOHT-PATITRSON  AIR  FORCE  BASE.  OHIO 


TfflS  DOCUMENT  IS  BEST 
QUALITY  AVAE.ABLE.  THE  COPY 
FURNISHED  TO  DTIC  CONTAINED 
A  SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


NOTICE 


When  Government  drawings,  specifications,  or  other  data  are  used  for  any  purpose 
other  thai.  In  connection  Aith  a  definitely  related  Government  procurement  operatsof, 
the  United  States  Government  thereby  lacui’s  no  responsibility  nor  any  obligation 
whatsoever;  and  the  fact  shat  the  government  ma;/  have  formulated,  furnished,  or  in 
any  way  supplied  Lie  said  drawings,  specifications, or  othor  data,  is  not  to  be  ref'.arded 
by  implication  or  otherwise  as  in  any  manner  licensing  the  holder  or  any  other  person 
or  corporation,  or  convoying  any  rights  or  permission  to  manufacture,  use,  or  sell  any 
patented  invention  that  may  in  any  way  be  related  thereto. 


Copies  of  this  report  should  not  be  returned  snless  return  is  required  by  security 
considerations,  contractual  cbligations,  or  notice  on  a  specific  document, 

AlP  FORCE/S67B0/30  August  1973  —  100 


AFML-TR-73-101 


GRAPHITE  FIBER  AND  BORON  NITRIDE  FIBER 
FILLED  POTTING  COMPOUNDS 


R.J.  DAUKSYS 


Distribution  limited  to  U.S.  Govcrnnicnt  agencies  only;  Test  and  Hvaluation,  April 
1973.  Other  requests  for  this  docurncnl  must  be  referred  to  Air  Force  Materials 
Laboratory,  (ATML/MBC),  Vvright-Putterson  AFB,  Ohio,  45433. 


FORLWORD 


-.,is  .foort  »as  prepared  b)  the  Coieposites  and  Fibrous  Materials 
Branch,  Ncuetallic  Materials  Bt.ision,  Sir  Force  Materials  Laboratory. 

„.r>  waa  coadurted  under  Project  No.  7340.  “Monmetallic  and  Composite  ^ 
Materials,''  Task  No.  734004,  "Structural  Plastics  and  Composite  Materials, 
with  Mr.  R.  J.  Dauksys  serving  as  Project  Engineer. 

The  author  wishes  to  gratefully  ackno»ledge  R.  Kuhbande,  for  his 
contribution  in  the  fabrication  and  testing  of  the  potting  compounds 
described  in  this  report. 

This  report  covers  work  from  Februa.y  1972  to  February  1973. 


This  technical 


report  has  been  reviewed  and  is  approved. 


T.  J.  Reinhart,  Jr.,  Acting  Chief 
Composite  and  Fibrous  Materials  Branch 
Ncnmetallic  Materials  Division 
Air  Force  Materials  Laboratory 


ABSTRACT 


nii'ii.)'"/  !!  io:  in.!  Lion  and  data  are  presenLod  which  show  how  the 
‘  in  !,r- ica  I  ,  ^uid  tanciiani ca  1  proport  ies  of  epoxy  potting  com[)onrKJs 

!  i  '  i,o  cuir'onMf  J  i.y  the  addition  of  discontinuous  fibrous  reinforceir.ents 
aipii  I'iO'iiih'c  ni  tphij,;;  and/or  boron  nitride  (BN).  The  addition  of  16 
nna  :  ;  per  tiu.uircd  (pph)  of  nominal  3  mil  long  graphite  fibers  of  83  x  If/’ 

metloius  docreasofi  the  linear  thermal  coefficient  of  expansion  (a)  of 
ai;  eii'Ovy  !,y  /7d  (from  bd.3  X  10"^  in/in/”c  to  12.3  x  10"®  in/in/°C). 

!  uf  Llie  high  modulus  graphite  fiber  fiber  modification  compared  to 
-a.-  uni  i  lied  epoxy  potting  compound,  modulus  was  increased  by  a  factor  oi 
^U'pr ijxiiiiately  2.8  (0,'16  x  10®  psi  to  1.28  x  10®  psi)  while  strength  was 
oifiy  mar’g !  na !  1  y  increased  (15.7  x  10^  psi  to  16,3  x  10^  psI),  BN  fibrr 
additions,  up  to  14  pph,  had  little  effect  on  modulus  or  strength;  how- 
ovci-  ,  for  the  14  pph  addition  a  was  reduced  by  approximately  40%. 

rtic:  reduction  of  a  of  an  epoxy  potting  compound  utilizing  graphite 
i!!id/or  BM  fibers  is  shown  to  be  a  function  of  modulus  of  fibers  and 
nc-pal.ivo  d  of  fibers  along  their  length,  as  'well  as  quantity  of  fibers 
used.  . .  . 

■['iie  addition  of  14  ppli  boron  nitride  fibers  only  marginally  reduced 

1  3 

■'..■SI  vti  vi  ty ,  i.e.,  to  6.9  x  10  .  Combinations  of  graphite  and  BN  fibers 

pi'ovided  epoxy  i)ottirig  compounds  with  properties  intermediate  compared  to 
ci.'Oxy  potting  compounds  with  additions  of  graphite  or  BN  fibers  as  sole 

nod  ifier. 

Density  For  the  highest  loaded  epoxy  (16  pph)  containing  the  densest 
fiber  modifier  (graphite)  with  P=2.0  g/cc)  was  only  increased  by  approx¬ 
imately  5.5%  over  the  unfilled  epoxy  potting  compound.  All  potting 
"ormulations  were  of  pourable  consistency  indicating  good  filling 

character ! s  t i cs . 
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SECTION  I 

INTRODUCTION 

The  materials  Development  program  described  herein  was  initiated  as  a 
result  of  a  request  from  the  Space  and  Missiles  Systems  Organizjtion 
(SAMSO)  to  act  as  consultant  on  a  problem  involving  preir.ature  failure  of 
epoxy  potted  sensors  during  fabrication  of  a  classified  reentry  vehicle. 

In  essence,  approximate  calculations  indicated  that  during  a  bonding 
operation  at  elevated  temperatures,  the  already  epoxy  potted  sensors  were 
exposed  to  thermally  induced  compressive  forces  far  in  oxess  of  their 
rated  capability.  Possible  solutions  to  the  problem  were: 

a.  Utilization  of  a  less  pressure  sensitive  sensor; 

b.  Utilization  of  a  low  teiiiperature  curing  adiiesive; 

c.  Redesign  of  che  reentry  vehicle; 

d.  Utilization  of  a  lower-modulus/thermal-coefficient-cf- 
expansie.i  (E  a  )  potting  coiiipound  with  similar  handling 
characteristics  as  the  one  initially  selected; 

e.  Combinations  of  the  above. 

Item  d  is  the  subject  of  this  report. 

Epoxy  potting  compounds  are  widely  used  for  a  multituoe  of  commercial, 
as  well  as  aerospace  applications.  This  report  addresses  potential  prob¬ 
lems  associated  with  potting  of  delicate  electrical,  optical,  and/or 
mechanical  sensors.  Through  experiment,  it  is  shown  how  an  epoxy  polymer 
may  be  modified  with  discontinneus  high  performance  graphite  and/or  boron 
nitride  fibers  to  achieve  heretofore  unrealized  potting  compound  properties. 
Although  the  material  developments  discussed  are  oriented  toward  epoxy 
potting  compounds,  other  classes  of  polymers  may  be  modified  m  like 
manner  to  achieve  similar  improvements  in  mechanical  properties  or 
alteration  in  physical  characteristics. 
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SECTION  II 

MATERIALS 

1.  Epoxy  Potting  Resin 

A  control  epoxy  potting  compound  was  used  throughout  this  program 
to  study  the  effect  of  various  fillers  of  different  ancunts  on  mechanical, 
ptiysical  ,  the'^mal  ,  and  electrical  properties.  The  resin  system  (Reference  1) 
was  designated  Epon  815*,  a  hisphenol-A  epoxy  which  was  modified  with  a 
mono-epoxy  diluent  to  reduce  viscosity.  The  curing  agent  was  diethyl ene- 
tria''iine  (DTA)  added  at  11  pph  (Parts  per  hundred  by  weight).  Properties 
of  the  cured,  unmodified  resin  are  shown  in  Table  I. 

2.  Graphite  Fibers 

Discontinuous  graphite  fibers  for  nuadi fication  the  epoxy  potting 
compound  were  obtained  from  the  Thornel**  Series  of  continuous  yarns. 
Properties  are  shown  in  Table  I.  A  carbon  yarn  designated  VYB  105-1/5 
of  lower  n'lodulus  than  the  Tfiornel  yarns  was  also  used.  The  Thornel  75 
yarn  had  a  measured  average  modulus  of  83  x  10  psi  and  330  x  lO"^  psi 
tensile  strength.  Of  note  is  the  reported  increase  in  negative  a  up  to 
the  50  X  10^  psi  modulus  fiber,  and  then  the  decrease  in  negative  a  wich 
75  X  10^  psi  filament  (Reference  2).  The  slight  difference  in  a.  between 
Thornel  50  and  Thornel  75  fibers  is  also  shown  to  carry  over  to  potting 
compounds  of  the  same  quantity  fibers  as  described  in  subsequent  sections 
of  this  report. 

3.  Boron  Nitride  (BN)  Fibers 

The  BN  fibers,  supplied  in  mat  form,  were  of  an  experimental  lot 
obtained  from  Carborundum  Corporation.  Figure  1  s^’uws  the  bulk  mat  in  the 
"as-recei vod"  condition  and  Figure  2  shows  fibers  from  the  mat  at  highe"’ 
magnification.  Unlike  the  carbon  base  fibers,  the  BN  has  dielectric 

*Shell 

**Union  Carbide 
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which  impart  attributes  as  an  Insulator  rathoM-  t.)Hin  a 

t'lr . 

i:'  r-eportod  coefficient  of  linear  thermal  expansion  (Reference  f) 
lenni-Ktd  1  ront  X-ray  analysis  of  single  crystals.  The  actual  value 
c  impoiMec!;  mot  fibers  is  prebahly  far  less  negative  than  indicated. 
IM.'  (  iher  developments  indicate  that  much  higher  strength  .jnd 
s  are  possible  than  indicated  in  Table  I.  As  the  modulus  increases 
e  fiiier  assuiiiGs  a  more  ordered  crystalline  structure,  a  ,  in  the 
iuti  or  tiie  fiber  would  be  expected  to  become  more  negative  and 
ch  the  tiK’oreticdi  value  shown  in  Table  I. 
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SECTION  I 'I 

MECHANICAL  AND  PHY;>ICAL  PROPERTY  EVALUATIONS 

1.  Flexural  Strength  and  Modulus 

Flexural  strength  and  "odulus  were  obtained  from  the  same  specimens 

that  were  used  for  thermal  expansion  measurements.  The  tests  were  con¬ 
ducted  using  procedures  of  Federal  Test  Specification  I  406b  as  a  guide. 
The  3-point  loading  method  was  employed  with;  a  spcn- to-depth  ratio  of 
16  to  1 .  Specimens  were  testoi  at  a  crosshead  rate  cf  0.05  inches  per 
minute. 

L.  Density 

L''':’;sity  was  determined  by  water  tir.iaersion. 

3.  Resistivity 

Resistivity  measurements  were  made  utilizing  a  occkman  Megohnneter , 
Model  L-8  following  the  procedures  outlined  in  ASTM  D-257-56.  Samples 
w- >-e  3  iHcfies  tn  c  iametcr  and  1/8  inch  thick. 


4.  Viscosity 

Vis'icsities  were  obtain' d  using  a  Brookfield  Viscometer,  Model 
RVF,  with  a  Number  6  spindle  at  ?,  4,  10,  and  20  RPM's.  ASTM  D-1324- 
blT  was  used  as  a  gu’de.  The  contain'-"'  used  tiT  the  measurements  was 
4  inches  in  depth  and  1.125  inches  inside  diameter.  The  potting  com¬ 
pound  was  filled  to  0.25  inches  from  tlie  top  and  the  spindle  centered  in 
the  compound.  Readings  were  taken  at  72  t  2°F.  A  per  ASTM  D-1824-61T, 
comp'rison  may  be  made  to  single  reported  values  by  using  the  viscosity 
determined  at  a  spindle  RPM  of  20. 

3.  Fiber  Length  Deterni nations 

Fiber  lengths  were  measured  from  250X  photographs  of  cured  potting 
compounds.  The  average  length  of  fibers,  for  all  the  petting  compounds, 
was  approximately  0.003  inch  as  indicated  from  the  sample  determinations 
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5!v'wr  below: 


a.  Fiber  Length  of  5  PPH  Thornel  75 


Fiber  Size  (inches) 

A 

^3.2x10'^ 

B 

3.2-6.0x10'^ 

C 

>6.0x10'^ 

Average  Length  of 

Fiber  in  Categories 

A,  B,  +L 

1 .65x10’^ 

4.59x10'^ 

8.29x10'^ 

of  libers  ot 

Average  Length  in 
Categories  A,  B,  +C 

69.5 

19.5 

11.0 

Average 

Fiber  Length  = 

2.95x10'^  inches 

t .  Fiber'  Lena th  o f 

5  PPH  Thornel 

50 

Fiber  Size  (inches) 

'.3.2xl0'^ 

3.2-6.0x10'^ 

>6.0x10'^ 

Average  Leiiytfi  of 

Fibers  in  Categories 

A ,  B  ,  +C 

1 .72x10'^ 

4.49x10'^ 

9.03x10'^ 

.  of  Fibers  of 

80 

10 

10 

Average  Length  in 
Categories  A,  B,  +C 

_3 

Average  Fiber  Length  =  2.72x10  inches 


6.  Coefficient  of  Linear  Thermal  Expansion 

The  test  method  and  apparatus  for  determining  the  coefficient  of 
linear  thermal  expansion  of  the  materials  in  this  investigation  were 
similar  to  those  described  in  ASTM  D-696-70. 


L 
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.;p''(;Mno!i  u^o.l  wns  rectangular  in  cross  section,  having  overall 
o!  P.O  inch-s  X  0.:i7h  inch  x  0.250  inch.  The  coefficient  of 
''  pci:',  mg  coiiipoun'Js  vvas  determined  from  -30t2°C  to  +30i2'^C, 

oi  !;est:i  wm  conducted  for  each  value  of  a  shown  in  Table  III, 
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SECTION  IV 

PREPARATION  OF  CURED  POTTING  COMPOUNDS 

Several  mixing  methods  were  investigated.  The  results  obtained  for 
ct  were  not  significantly  changed  regardless  of  the  methods  used. 

Methods  were  tried  using  hand  mix,  blenders,  and  vacuums,  and  combinations 
of  >’ach.  The  most  satisfactory  method  was  as  follows: 

The  apparatus  used  for  mixing  the  reinforcement  and  resin  was  a  two- 
speed  Waring  blender  with  four  cutting  blades.  The  amount  of  resin  (less 
curing  agent)  used  must  be  sufficient  to  cover  the  cutting  blades  which 
in  this  case  was  100  grams.  After  the  resin  is  poured  into  the  blender, 
the  prepared  chopped  fibers  were  added.  The  continuous  yarns,  as  well  as 
BN  fiber  material  were  manually  cut  with  a  scissors  to  about  one-haK  Ipnh 
1  eng"  IS  and  transferred  to  a  container  prior  to  loading  the  blender  wUh 
esin.  Best  mixing  was  obtained  by  adding  the  chopped  fibers  in  incre¬ 
ments  of  5  pph  of  resin. 

The  mixing  time  (10-25  sec)  was  generally  controlled  by  the  sound  of 
the  blender.  Initial  mixing  caused  cavitation  and  some  fiber  filler  was 
deposited  on  the  sides  of  the  blender  above  the  resin  level.  Mixing  was 
stopped  and  the  fibers  were  scraped  from  the  sides  and  deposited  in  the 
resin.  When  the  fibers  are  properly  blended,  the  mixture  no  longer 
cavitates  and  che  blender  has  a  smooth  mixing  sound.  Fibers  of  higher 
modulus  appeared  to  require  less  mixing  time. 

During  blending,  the  mixture  increased  in  temperature  due  to  heat 
transfer  from  the  mixture  motor  assembly.  Before  the  curing  agent  was 
add-'d,  it  was  inportant  that  the  mixture  be  allowed  to  cool  to  room 
temperature.  While  the  mixture  was  cooling,  it  was  placed  in  a  vacuum  to 
remove  entrapped  air.  After  the  mixture  was  cooled  to  room  temperature 
the  curing  agent  was  added. 

All  compounds  wero  cured  at  room  temperature  for  a  minimum  of  16  hours 
prior  to  mechanical  and  physical  testing. 
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SECTION  V 
CALCULATIONS 

1.  Thermally  Induced  Compression  Stresses  (Approximate) 

The  stresses  within  the  potting  compound  and,  in  turn,  on  potted 
sensors  were  calculated  for  a  2-dimensional ly  restrained  system,  i.c., 
one  face  of  potting  compound  unrestrained,  and  for  a  3-dimensional ly 
restrained  system,  i.e.,  the  potting  compound  totally  enclosed  within  a 
container.  In  both  crises  the  container  was  assumed  to  have  negligible 
expansion. 


a.  The  2-Dimensional ly  Restrained  Potting  Compound 

To  approximate  the  stresses  on  an  element  in  a  potting 
compound  the  following  Hooke's  law  relationships  were  used 


e..  = 


_  1 

■  rs 


V 

r 


(Ou  + 


”z) 


+  oAT 


(1) 


e,  ■  r  -  f  (»x  +  "y)  +  aST  (2) 

'z  "  r  “z  -  f  <”x  *  »z>  *  “‘T 


where  e^,  e^,  e  and  a,  represent  the  principal  strains  and 

X  jf  i  X  y  i 

stresses,  respectively.  E  and  v  are  the  modulus  and  Poisson's  ratio  of 
the  cured  potting  compound,  respectively;  a  is  the  coefficient  of 
linear  thermal  expansion;  and  aT  is  the  change  in  tenperature. 

Assuming  2-dimensional  restraint  (Figure  3),  z,  being  unrestricted, 
we  have 


*■  -  r  (Otf  +  (?)  +  oAT  »  0 


(4) 


(5) 
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®y  =  r  ■  f  (°x  °2)  +  “AT  =  0 


=  0 


Solving  simultaneously  for  o 


[)  0^=  -(vl) 


oAT 


-ivtljall 

y  /  -  ^ 


(-M) 


(6) 

(7; 


(8) 

(9) 


Using  the  following  potting  compound  (unfilled)  property  values,  we  obtain 

£  =  0.46  X  10®  psi 
V  =  0.35 

a  =  54.3  X  10"®  in/in/°C 

For  a  1°C  rise  in  temperature  (AT),  the  stress  for  the  2-dimensiondl ly 

restrained  compound  is  38.5  psi  (compression)  or  0=0=  38.5  psi 

A  y 


b.  The  3-Dimensionally  Restrained  Potting  Compound 


then 


If  the  2-plane  restriction  is  considered,  as  shown  in  Figure  4, 


and  Ec,Jations  1  -  3  may  be  consolidated,  so  that 

^2o)  +  aAT  =  0 


(10) 


f) 


1 

■ 


(11) 
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Rearranging,  we  can  write 

aAT 

“  ■  I - (12) 

E  ■  E 

and  by  using  the  properties  for  the  unfilled  epoxy  potting  compound  listed 
in  Table  I  above,  a  1°C  rise  in  temperature  induces  a  compressive  pressure 
of  82.3  psi  or 


0=0=0=  82.3  psi 

(NOTE-.  No  attempt  was  made  to  provide  a  rigorous  analytical  solution  for 
the  particular  configuration  investigated.)  The  subject  potting  container 
vias,  of  6-4  titanium  alloy  (E  =  16  x  10^  psi,  o  =  9.5  x  10  ^  in/in/°C),  and 
it  was  assumed  rigid,  thus  of  no  influence  on  the  expansional  character¬ 
istics  of  the  potting  compound.  In  fact,  the  expansional  characteristics 
of  the  container  would  have  a  tendency  to  reduce  compression  stresses 
generated  within  the  potting  compound.  The  higher  the  a  of  the  container, 
the  lower  the  compression  stresses. 

2.  Flexural  Modulus  and  Strength 

Potting  compound  flexural  strength  was  determined  from 


where 

a  =  flexural  strength  (pounds/inches  ) 

S  =  span  (inches) 

P  =  load  (pounds) 

W  =  width  (inches) 

0  =  depth  (inches) 

Modulus  was  calculated  from 

E  =  — •, 

4W0'^ 

where  the  syn*ols  are  as  defined  for  the  preceding  flexural  strength 
equation. 
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3.  Factor  Increase  in  Weight  of  Various  Powder  Fillers  Over  Weight  or 
Thornel  50  Fibers  to  Obtain  a  of  13.4Xlvr^  In/In/°C 

The  results  shown  in  Column  A  of  Table  IV  were  obtained  by  dividing 
the  percent  total  weight  of  filler  (extrapolation  cf  curves  of  Figure  6) 
by  the  total  weight  percent  (11.2%,  14  pph)  Thornel  50  to  obtain  a  value 
of  13.4X10'^  in/in/°C. 


4.  Factor  Increase  in  Density  of  Various  Potting  Compounds  Over  Density 
of  Thornel  50  Potting  Compound  to  Obtain  a  of  13.4X10'^  In/In/°C 

The  results  shown  in  Column  S  of  Table  IV  were  obtained  by  cal¬ 
culating  the  densities  of  the  various  modified  potting  compounds  and 
then  dividing  each  calculated  density  by  the  measured  density  of  the 
11.2%  by  weight  Thornel  50  fiber  filled  potting  compound.  The  Rule-of- 
Mixtures  was  used  to  calculate  densities;  for  example 


where 

p  =  density  of  potting  compound 
pc 

=  density  of  fiber 

p^  =  density  of  resin 

=  percent  by  weight  fiber 

=  percent  by  weight  resin 
(including  curing  agent) 


n 
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SECTION  VI 

DISCUSSION 

Fillers  are  used  extensively  to  modify  epoxies  to  obtain  desired 
end-properties.  Modification  of  potting  compounds  to  reduce  a  and 
potential  thermally  induced  stresses  on  delicate  embedded  components, 
has  been  accomplished  by  compounding  the  resin  system  with  fillers  such 
as  aluminum  oxide,  aluminum  powders,  mica,  talc,  silica,  lithium 
aluminum  silicate,  calcium  carbonate,  and  others.  Figure  5  shows  the 
reduction  of  a  versus  amount  of  a  particular  filler.  It  '.s  apparent 
that,  to  obtain  significant  reductions  in  a  ,  filler  in  v-?ry  large 
quantities  is  required.  Figure  6  consists  of  another  series  of  curves 
obtained  from  a  different  so :rce  (Reference  1)  which  show  that  the 
compound  must  be  heavily  filled  to  obtain  appreciable  decreases  iti  a. 
Because  of  this  fact,  the  improvement  (reduction)  in  a  is  countered  by 
undesirable  changes  in  properties  such  as  increased  viscosity,  density, 
and  modulus.  The  latter  influences  the  degree  of  thernally  induced 
stresses. 

The  maximum  amount  of  fibers  compounded  was  limited  to  16  pph 
(12.6%  by  weight  of  total)  to  maintain  a  pourable  consistency.  Table  II 
shows  viscosities  in  centipoises  for  the  uncured  potting  compounds.  The 
value  at  a  spindle  RPM  of  20  is  customarily  reported.  For  the  potting 
compound  application  which  led  to  this  study,  20,000  centipoises  was  a 
requirement,  although  a  higher  value  (other  requirements  being  satisfied) 
could  be  tolerated. 

Figure  7  shows  o  versus  quantity  of  fibers  for  the  systems  invest¬ 
igated.  Increasing  amounts  (to  14  pph)  of  negative  a  BN  fibers  indicates 
a  decreasing  a  of  the  potting  compound.  The  same  is  true  for  the 
Thornel  fiber  modifications,  where  the  greater  negative  a  fibers  impart 
the  lowest  o  potting  compounds.  The  a's  of  the  Thornel  50  and  Thornel 
75  fibers  (Table  I)  are  numerically  very  close.  This  similarity  is  also 
reflected  in  potting  compounds  containing  the  different  fibers,  but 
comparable  weight  fractions.  Only  one  series  of  thermal  expansion 
measurements  was  conducted  for  the  low  modulus  (6  x  10^  psi)  carbon 
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fiber  modified  epoxy  potting  and  is  shown  in  Figure  7  by  the  solid 
triangle. 

The  effect  on  potting  compound  o,  using  combinations  of  Thornel  75 
fibers  and  BN  fibers,  is  shown  in  Figure  8.  It  appears  that  a  linear 
relationship  exists  between  the  limits  of  0  and  14  pph  fibers  and  that 
mixtures  of  these  fibe>s  within  those  limits  will  provide  intermediate 
a's. 


Calculations  were  made  (Section  V)  to  approximate  the  thermally 
induced  compression  stresses  generated  on  an  encapsulated  component  for 
a  l^’C  rise  in  temperature.  Results  are  depicted  in  Table  III  for  the 
various  fiber-modified  potting  compounds.  These  same  results  were  used 
to  plot  the  compression  stresses  versus  temperature  rise  from  room 
temperature  (22°C)  curves  (Figures  9-13)  for  the  different  systems 
investigated.  Both  2-  and  3-Dimensional ly  restrained  compounds  are 
shown.  The  figures  graphically  illustrate  the  importance  of  temperature 
control  and  design  of  the  potting  container  (restraint  effects)  to 
maintain  stresses  at  the  lowest  possible  level. 

As  indicated  by  the  curves,  one  approach  to  reduce  stresses  would  be 
to  provide  a  design  that  does  not  warrant  intimate  contact  of  the  potting 
compound  with  all  sides  of  the  container.  As  shown  in  the  curves,  the 

2- dimensional ly  restrained  compound  allows  stress  relief,  whereas  the 

3- dimensional ly  restrained  system  does  not.  When  permissible,  stresses 
may  be  further  reduced  by  closely  matching  the  a  of  the  potting  compound 
to  that  of  the  container. 

The  magnitude  of  stresses  is  not  solely  attributed  to  a,  but  is 
actually  the  product  of  modulus  and  a  or  Ea.  This  is  clearly  indicated 
when  we  compare  (Table  III)  the  stresses  per  centigrade  degree  rise 
in  temperature  for  the  5  pph  Thornel  75  compound  to  the  16  pph  Thornel 
75  compound.  Even  though  the  16  pph  compound  is  one  half  the  a  of  the 
5  pph  compound,  the  significantly  higher  modulus  of  the  75  pph  modifi¬ 
cation,  due  to  higher  value  fraction  fibers,  results  in  higher  stresses. 


.  J*,**  J  '"•S' 


13 


AFML-TR-73-101 


Alternately,  The  Ea  influence  on  thermally  induced  stresses  are 
shown  when  we  compare  potting  compounds  of  equivalent  weight  fractions 
fiber  reinforcement,  but  different  modulus  fiber.  For  instance,  16  pph 
of  the  lower  modulus  Thornel  50  results  in  lower  thermal  stresses  than 
the  epoxy  formulated  with  16  pph  of  the  higher  modulus  Thornel  75 
(recall  that  a  of  the  Thornel  50  fiber  is  approximately  the  same  as  a 
of  the  Thornel  75  fiber). 

It  is  cautioned,  that  the  calculated  compression  stresses  for  both 
a  3-dimensionally  restrained  (totally  enclosed)  and  2-dimensionally 
restrained  (no  restriction  on  one  face)  potting  compounds  are  only 
approximate,  because  we  assumed  that  the  container  material  was  completely 
rigid  and  nonexpanding.  Depending  on  the  aE,  the  geometry,  and  thick¬ 
ness  of  the  container  material,  stresses  may  be  further  reduced.  However, 
the  results  on  a  qualitative  basis,  are  quite  informative  for  rating 
potting  compounds  and  indicating  the  potential  severity  of  thermally 
induced  stresses  on  sensitive  potted  elements. 

The  slight  discrepancies  in  modulus  values  at  the  highest  fiber 
loadirgo  (14  and  16  pph)  are  attributed  to  axperimental  e)‘ri«r  in 
preparing  the  compounds  of  slight  volume  fraction  difference.  Typically, 
the  modulus  would  be  expected  to  increase  for  the  higher  fiber  loading. 
Another  possible  source  of  error  is  that  the  specimens  did  not  all  have 
the  same  length  of  cure.  This  would  also  affect  the  modulus  of  the 
potting  compounds. 

Referring  to  Table  III,  it  is  seen  that  a  wide  renge  of  a's  are 
possible,  and  depending  on  requirements,  resistivity  may  also  be  con¬ 
trolled.  Because  of  the  dielectric  properties,  BN  fiber  potting 
compound  modifications  offer  not  only  reduction  of  a  and  thermal 
compression  stresses,  but  also  good  dielectric  characteristics  such  as 
indicated  by  the  negligible  loss  of  resistivity  for  the  14  pph  addition. 
Although  the  hexagonal  crystal  structure  of  BN  (Reference  3)  is  a  close 
analog  of  the  graphite  structure,  and  many  properties  are  similar 
(theoretical  mechanical  properties,  high  tenperature  resistance,  and 
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lubricating  qualities),  othe.'  properties  are  radically  different.  For 
instance.  BN  is  white  and  has  exceptionally  good  insulating  properties 
while  graphite  is  black  and  behaves  as  a  conductor.  At  room  temperature 
the  specific  resistah.e  of  BN  has  been  reported  in  excess  of  10  ohms.  . 

Anticipated  developments  in  BN  fiber  technology  will  provide  fibers  with  ^ 
higher  strength,  modulus,  and  lower  thermal  coefficient  of  expansion 
without  affecting  its  excellent  dielectric  properties.  Thus,  for  an 
application  requiring  high  insulating  qualities,  as  might  be  expected  in 
potting  unprotected  electrical  components,  a  BN  fiber  formulation  may  e 

in  order. 

As  mentioned  earlier,  another  advantage  of  compounding  with  tnese 
discontinuous  high  perfo.m,ance  fibers  is  that  the  weight  per  unit  volume 
is  changed  little  over  the  control  unmodified  potting  compound  because 
(a)  such  a  small  quantity  of  fibers  is  necessary  to  achieve  desired 
properties,  and  (b)  the  fibers  are  themselves  of  low  density.  Table  IV 
lists  typical  fillers  which  have  been  used  to  modify  potting  compounds 
and  notes  those  that  are  capable  of  providing  a's  as  low  as  that  obtained 
(13  4  X  10"®  in/in/%)  for  the  11.211  by  weight  Thornel  50  fiber  modifi¬ 
cation.  The  tolal  weight  percent  modifier  indicated  to  reduce  was 
determined  by  extrapolating  the  curves  of  Figure  6  to  13.4  x  10  in/in/  . 
The  differences  between  the  a  and  density  of  the  Epon  828  system 
(Figure  6)  and  the  control  Epon  815  system  used  in  this  study  were 
considered  neglibible.  It  is  assumed  that  the  high  weight  percent 
fillers  shown  in  Figure  6  would  be  difficult  to  compound  and  be  of 

extremely  high  viscosity. 


The  A*  column  of  Table  IV  indicates,  for  the  fillers  listed,  that  to 
jchieve  an  a  of  13.4  x  10'®  in/in/%,  at  least  seven  times  as  much  filler 
as  the  Thornel  50  addition  would  be  required.  Further,  on  a  weight-per- 
unit-volume  basis  we  see  from  Column  B*.  Table  IV.  that  the  additional 
quantity  of  filler  required  with  the  corresponding  higher  density  than 
graphite  (or  BN)  would  yield  compounds  significantly  denser  than  the 
graphite  fiber  filler  modification. 
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The  graphite  fibers,  although  well  established  as  high  performance 
fibrous  reinforcements,  have  yet  to  develop  a  sizable  market  to  reduce 
current  prices  of  about$50  per  pound  and  up,  depending  on  modulus  of  yarn 
and  construction.  It  is  anticipated  that  further  developments  in  pre¬ 
cursor  technology  and  production  processes  could  reduce  the  cost  to 
$5-10  per  pound  for  continuous  fibers.  It  may  be  possible  to  produce 
or  obtain  short  fibers  of  the  type  necessary  to  obtain  low  a  potting 
compounds  for  less  cost. 

The  BN  fibers  have  not  been  developed  to  the  degree  that  graphite 
fibers  have,  i.e.,  controllable  modulus  in  excess  of  80  x  10^  psi . 

Future  advancements  in  this  area  promise  to  provide  fibers  with  signifi¬ 
cantly  higher  modulus  and  strength  properties  and  correspondingly  more 
negative  values  of  a  than  the  fibers  used  in  this  preliminary  sttdy. 
Projected  economics  indicate  that  it  is  feasible  to  produce  continuous 
BN  fibers  of  high  modulus  and  strength  for  less  than  $5  per  pound. 

The  current  prices  of  graphite  and  BN  fibers  are  not  competitive  with 
the  fillers  listed  in  Table  IV,  which  sell  for  about  8-12  cents  per  pound 
in  large  lots.  However,  in  some  instances,  due  to  the  quantity  of  filler 
required,  it  may  be  impractical  to  utilize  the  low  cost  fillers  because 
of  processing  restraints.  Then  too,  the  large  filler  addition  (depending 
on  type  used)  would  increase  modulus  of  potting  compound,  lessening,  in 
turn,  resistance  to  thermally  induced  stresses.  Use  of  graphite  a.id/or 
BN  fibers  as  fillers  certainly  should  be  considered  when  combinations 
of  attributes  such  as  low  density,  viscosity,  modulus,  low  quantity  of 
fibers,  control  of  thermal  stresses,  control  of  resistivity,  and  facile 
processing  are  desirable.  Close  scrutiny  must  be  given  to  the  seemingly 
obvious  advantage  of  low  ccst  of  other  fillers  as  compared  to  the 
resulting  system  performance. 

Critical  applications,  aerospace  or  other,  where  reliability, 
survivability,  and  low  maintainability  are  of  paramount  concern,  dictate 
consideration  of  graphite  and  or  BN  fiber  filler  potting  compounds. 


16 


AFML-TR-73-101 


SECTION  VII 

CONCLUSIONS 

Preliminary  experiments  and  tests  have  shown  that  it  is  feasible  to 
incorporate  small  quantities  (16  pph  or  less)  of  short  fibers  of  graphite 
and/or  boron  nitride  in  an  epoxy  polymer  to: 

a.  Reduce  a  significantly  from  5^.3  x  10*^  in/in/°C  for  the  cured 
unmodified  epoxy  to  12.3  x  10"^  in/’n/^^C  for  a  16  pph  Thornel  75  form¬ 
ulated  compound. 

b.  Considerably  reduce  thermally  induced  compression  stresses  on 
potted  sensors  or  elements. 

c.  Control  a  over  a  wide  range  while  maintaining  low  cured  potting 
compound  density,  as  well  as  pourable  viscosity. 

d.  Maintain  high  levels  of  potting,  compound  resistivity  by 
utilization  of  BN  fibers  as  sole  modifier. 

e.  Adjust  mechanical,  physical,  and  thermal  properties  of  potting 
compounds  by  using  mixtures  of  grpphite  and  BN  fibers. 
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Figure  4.  a-Dimensionally  Restrained  Potting  Compound 


AVERAGE  COEFFICIENT  OF  THERMAL  EXPANSION  FROM 
-50  TO  +50'’C.  (IN  'IN./“C  X  10-6) 
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Figure  9.  Themiany  Induced  Compression  Stresses  -  Thorne!  25  Fiber 
Filled/Epon  815,  DTA-2-D  and  3-0  Restraints 


COMPRESSION  STRESSES  (PSI) 
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Figure  10.  Thermally  Induced  Compression  Stresses  -  Thornel  50  Fiber 
Filled/Epon  815,  DTA-2-D  and  3-D  Restraints 
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Boron  Nitride  a  value  from  single  crystal  data.  See  Reference 
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Preliminary  information  and  data  are  presented  which  show  how  the  thermal, 
electrical,  and  mechanical  properties  of  epoxy  potting  compounds  may  bo  controlled  by 
the  addition  of  discontinuous  fibrous  reinforcements  of  high  modulus  graphite  and/or 
boron  nitride  (BN).  The  addition  of  16  parts  per  hundred  (pph)  of  nominal  3  mil  long 
g  -vnite  fibers  of  83  x  10^  psi  modulus  decreased  the  linear  thermal  coefficient  of 
expansion  (a)  of  an  epoxy  by  77%  (from  54.3  x  10~°  in/in/°C  to  12.3  x  10-6  in/in/°C). 

For  the  high  modulus  graphite  fiber  fiber  modification  compared  to  the  unfilled 
epoxy  potting  compound,  modulus  was  increased  by  a  factor  of  approximately  2.8 
(0.46  X  10^  psi  to  1.28  x  lof-  psi)  while  strength  was  only  marginally  increased 
(15.7  X  10^  psi  to  16.3  x  10^  psi).  BN  fiber  additions,  up  to  14  pph,  had  little 
effect  on  modulus  or  strength;  however,  for  the  14  pph  addition  a  was  reduced  by 
approximately  40%. 

The  reduction  of  c»  of  an  epoxy  potting  compound  utilizing  graphite  and/or  BN 
fibers  is  shown  to  be  a  function  of  modulus  of  fibers  and  negative  a  of  fibers  along 
their  length,  as  well  as  quantity  of  fibers  used. 

The  addition  of  14  pph  boron  nitride  fibers  only  marginally  reduced  resistivity, 
i.e.,  to  6.9  x  10'^.  Combinations  of  graphite  and  BN  fibers  provided  epoxy  potting 
compounds  with  properties  intermediate  compared  to  epoxy  potting  compounds  with 
additions  of  graphite  or  BN  fibers  as  sole  modifier. 
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Density  for  the  highest  loaded  epoxy  (16  pph)  containing  the  densest 
fiber  modifier  (graphite)  with  P=2.0  g/cc)  was  only  increased  by  approx¬ 
imately  5.5%  over  the  unfilled  epoxy  potting  compound.  All  potting 
formulations  were  of  pourable  consistency  indicating  good  filling 
characte*'istics. 
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